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A mnnffjRS FOR tthtc PRODUf r frrnM OF A h r m^^ IX>W-1>EWSITV 
yOLYETHYT^EPJE COMPO SITION 
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]^aftlq fi|iiiind of the Inveation 
jffteid of the Invention 

The present invention concerns a process for the production of bimodal lineaj low-dsnnly 
polye&ylen© oompositioM. m addition, the present inventioa concenM bimodal ISncar low 
density polyethylene compositions and fOms prepared thereof. In particular, tto present 
invention relates to bimodal films having an improved balaw» bettveen fhs mechanical 
piopeities and pmcessabillty. 

] l ^es«arfaitil>n Ttalated Art 



15 



The ptocessabUity on a film blowing Hne and the physical properties of the W film 
de^pend largely on the polymer «ttu«tu«^ ospecIaUy on the moleoulax weight distribution 
CMWD). If the polymer is bimodal, ie., if the MWD is broad, tixe polytner can be expected 
to ejdiibitafioodprocessawmy. Othat important propertiea, which natorally depend on «ie 
20 flppUcaliimth©poIyaiiBrmaiwialisusedin,con^^ 

Fihns prepared ftom linear low-denslty polyethylene (PB-LLD) having a bimodal 
toolecolar weight distribntion are kiownfiom prior art. The polymers are mnally produced 
by polym«risatiott of ethylene and olpha-olefin comonomers to the presence of a 
25 polyrasrisaiion catalyst in two cascaded reaxstors. 

Such fihns and mettiods of their preparation are known, e.g. ftom BP-A-692515. EP-A- 
691367, EP-A-773257, EP-A-57891 and WOA-9618662. 

30 EP-A-692iil5 discloses a film ejctruded firom in-situ blend of polymers. The examples 
show that file low moWx^ular weight component has an MFRa of about 400 g^lO min and 
dcnsily of about 945 ^Rg/'m^ The high molecular Weight component bas an MFR21 of 4.4- 
5.4 g/10 mm and density 901-902 kg/m^. The final polymer has MEBa of 0.7-1.3 g/10 xmn. 
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density of 926-929 kg/u^ spUt 47/53^3/55. The polymerisatioa is conducted to two 
cascaded gas pbase reactors. The znatezial is especiaUy useful in biaxiaUy oricaited filais, 

EP-A-eyi367 discloses films exlnjded firom bimodal linear low-density polyethylene. The 
5 low molecular weight component has an MPR^ of 500-700 g/l 0 niia and density of 929- 
934 teg/ic*. The final poljfmer has MFR21 of 8 - 14 g/10 min, a density of 918-926 kghn^ 
and a split of 40/60 - 36/64. The re.«nihing fiOms have a low bloddng tcndeuoy, good 
prooessahility and good lueohiinical propaiies (especiaUy datt drop). 

10 P.P-A-773257 discloses shdalc films made of k-sUu blends of etfc^ene polymers, "nie 
blend has Mt'Ra of OJ g/10 min, FRRaj/j of 98 and density of 922 kg/ml No data vvas 
given for low molecular w(^[ght axid high molecular wrigkt componeub. Split was 53/47, 

EP'-A-57891 discloses ethylene polymer compositions suitable for making films- The 
15 materials have a mdt flow rate MFRz of 0.2 to 10 g/10 min and density of 916 to 929 
l£g^m^ The fihns were reported to have a good mechanical strength. The polymer 
compositions ware produced by melt blending, cascade sdurry polymerisation or cascade 
solution polymerisation. 



20 WO-A-9618662 discloses a process to produce ethylene polymers, hy polymerismR in a 
CMCade of a prcpolymerisation r^ictor, a loop reactor and a gas phase zeoctoA The 
resulting bimodal polymer had a melt flow rate MFRai of 14 to 17 g^lO min and density of 
923to925feg/m^ 



25 While the above documents disclose different fihn materials and manufacturing processes, 
a process ftw preparing a bhnodal Imear lovuLdendfy polyethylene material suitable Ibr JGhn 
purposes, which material has good flow properties and good mechanical strength togetlier 
with a good visual appearance and which process is able to operate a long time in a stable 
&ihTnn is desired. 

30 

Snmtoia ry of flic Tnvfaititiii^ 



VAST. OTTO 20-0B-Q2 10:18 



MISTA- +368830494880 



KENELLEPATREK Asiakaspalvsl SiVU Oil 



.m. 2002 9^2 BOIEALIS PORVOO m 

3 

It i3 an ol^cct of flx« present invenlioa to provida an inip«yved process for pto«taoi«e 
suitable low-density polyBthyleoe mataials fbr the piod«etion of films. 

•mese and other objects, together ^th tb. advantages ^'"^"^J^J" 
5 products, wh^ch shaU b^ome appoint fto« the .pccificadon, &Uows, are 

accon«»llshed by the iaventiott as hereinaftet deseribed and daJmed. 

p«sout inveuttoa is based on the provision of bimodal polyethylene conrpositions 

««-lf^^^^^^^^^^,l,^^leaular^ighEvvitham^ 

of 150 to 500 g/10 min, pref«ably of 200 to 400 g/10 min and «. d«n«ty of 940 
10955 kB/«l^prrferably 945 to 953 ks/m^13ac first component being pjesentm 

the cowposilion in an amount of 41 to 48 % by wdght, 
. atleastoneOfliercompnne«.tlmvl^aWsber««,Waxv«^al^^ 

IS fl<^ «i» a«d u lower density than the said first component, the second 

component being in ^ composition \n «n a«ou«t of 52 1» 59 % by 

said co»po.ffl« a a»l. flaw mte in to .»g. MFRa of 0.4 to 1.0 s« 0 oia g/10 
«da.,Mtol>lyO-**'0.7^10»5ii».d.<l««ltsrofS)Wto925ki/m. 

(ASU. 

30 v*«ia«Wedtafliei!haactHUiBgpi>rtofolatal. 
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Considerable advauuiges ate by of tiie present inveatioa. ITae present 

process enables Ihe preparetioi, of lesiiis having good flow properties, resulting to . high 
darougliput and stable behaviour cm ihc film line. THe film has good mechanical properties 
almost matching those of the bimodal high molecular weight te«ns, and a good visual 
^eaeanoe, meaxu^g a low aumbey of gels or fishcyes. 

Moreover, the process is capable of operating long p«ioda in a stable fesHon without the 
need for process shntdowns. EspeclaUy, the amotmt of fine polymer Oiaving a pariiole dze 
of less than 105 Mm) produced in the process is low. 

The thus produced composition for films may be used for pwAioing both blevm and oast 
films. Itis. Iw*^, particularly suitable ferfihnbluvvi^ 

Next, the invention wiU be m ore closely examinad with Iho aid of die fuUowmg detailed 



Detailed DBSctfntinip fliBTnv«ft*i«»^ 
20 DefiDnitions 



For the purpose of the present invention, -shmry teactor'' designates any reactor operating 
m slmiy, in which reactor &e polymer forms in particulate W As a«amplea of auiteblc 
reactors can be mentioned a contmuoua sti«»d tank reactoj^ a batefr-wise operating sfined 

23 ^ ^^tor or a loop teaotot. Accotdtog to a ptefeaed embodiment the R^^^^ 
comprises a loop leactor. 
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By flow « "MTR" U u.c»n. tbo «=igW of a ''"f^ ""^t 

. ^ cyBuWcel di» at a ^ t».^ (190 -C for pob^^ 

La. JJmFR. d-i^ a 2. W kg l.aa. M?R .>e da«»^ .su*. e*. ^ 
«feU«wii«fo*: ISO 1133 C*,AS™d 1238 DIN 53735. 
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ad 8 titanto compwind KOTOJted on a part^^ 

Tte,«ttc»hma«PPOrtc«.beaaiao«a>.ico»d.»BP<^ 
dlica.«hii»toaiidaaioaJit»nta.P«&Hil*,to 

by r»oa sm«s (^m« C»s.Mft «d Sm»l. P»d«cad a»d »aA*d 
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The magnesixua uonqioii&d is a leactiaa pEodii^ of a magmeniim (£a]%yl and so. alcohol. 
Uis alodhol is a Hnear or facancihed aliphalie monoaloohol. Preferabfy, ^© alooiwl has fi»m 
6 to 16 oaifbon atoms. Bjanjohfid Oudkob are e^edally prefeoed, aad 2-efliyl-l-liexanol is 
one exaujple of Hi© preSteied alcohols. Tbs magaesram diatkyl may be a«y oo»^oi»d of 
5 iDagnesitimboadmgtet«widl!ylgcotq»3,widchJW^ Butyl-ocslyl 
magnesium is oAs example of tbe piefiaaed m^gDO^tum dialkyls. 

The alwoiniwu uorapound is chlorine containmg almniBrom alkyl. Espedally preferred 
coix^JOTinds are alinainium aBsyl dichloiidea and fllwminiiwi alkyl seequiobloridos. 



10 



The tttanhim compouad is a halogen contaimug titanium compomid, ptefctaMy <AU)rix» 
oontaininB titamiim coxnpoimd, EspeoinUy prefentcd titanium oompoond is titanium 
ietncblotide. 

15 The catalyst oaa he prepared liy sequeatially contacling the oarrier ivife fli© above 
mentioned compounds, as described in EP-A-688794. Alti^matively, it can be prepared by 
first piepati»s a solution &om the compoueute and then contacting th© sohxtion wifh a 
caaier. as described in WO-A-Ol/SSaSO. 

20 Tlie above mentioned solid catalyst component is contacted vdHi an alnmimam alkyl 
cocatalyst, which preferably is an aluminhim triaU^yl compound, after whidi it can be used 
in polymerisation. The contacting of the soUd catalyst component and the aliimimum aUgrl 
cocatalyst can either he conducted prior to favlxoducdng the catalyst into flw polymeiiaation 
reartor, or it can be conducted by idttodudng the two components separately into Ihs 

2S 



PolymerbHtltin process 
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To produce i3ie polymer oompositions eccoi-ding to the invention, ethylene is polymerised 
in the presence of a polymerisation catalyst at elevated temperatoie and pressure. 
Polymerisation is carried out in a series of polymedtlaationteactors sckcted from the group 
of durty and gas phase reactors, In the following, the reactor system comprises one loop 
leaotor (refcrred to as *^ first reaotoi") and one gas phase reactor (refexxcd to as ♦*»3» 
second zeaotor'% in thai order. 
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However, it should be imderstood that the reactor system can com^ «thcr rcaouws in 
addition to tiie first and Ihe second reactor. Tto, it is possible to include wactors, e.g. for 
piepoiymetisation, crto divide either ome leaotoxs in two or more teaotots. 

^ A sepatarioa siage is noimaUy needed between ^ reactors to prevent Ibe cany«»ver of 
leactaats from the fort polymerisation stage toto ^ aecond one. The separation stage b 
typifidly co«daoted al u lower pressure than the first polymerisation stage. Tb^s, at least 
fhe inajority of ^ volatile componettts and patticula. a m^or part of hydrogen as 

10 $Q«ratedftoml4»polymor8treaininA»!icpaiationstage. 

The oatelystnse.^ inH« polym«««do« process is . Ziogl.r-Nalla catalyst. According to a 
pr«fcnedmfl)Odlnwa«.i»aeshe^ 



15 
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Ineverypoly«eas8tianst<5,iti5pos^leTOiise also comonomets selected from t^^ 

of C3.„ olefins, preferably C^io olefins, su«h as l-bntene, 1-pentane, l-hexene, «1- 

l^pe«tene, l^xeptene. l-ootonc, l^c eod l-d«oene as weU as tnixtures thereof. 

m addition to the actual poly»edsalion «a«.x«s uaed ft« prod^cmg tl« bhnodal ethylene 
temo- or uopolymer. the polymerisation «ac«on system oaa also include a number of 
additiotud reaxtois. sudi as prereactors. The prereactors include w «ac*or for 
prepolyn^isinglhocatdyataud formodi^i^tbe olea^^ feed, if neoessaay. All reactors 
of the reactor system are preferably arranged in series (jn a cascade). 

According to a prepared embodiment of ^e hivendon, the polymerisation comprises the 

ethylene, hydrogen and comonomsrs to a first polymerisation or 
copolymerisatioti reaction in to presence of the polymerisation catalyst in a first 
reaction sione in alocp reactor to produce a first polymerisatim product having a 
lowmolecotor wd^^vith ameltflowrateMFRa of 50 to 500 fiAO min, preferably 
of 100 to 400 g/10 tdn and a density of 940 to 955 ptefeniWy 945 to 9d3 



(ii) 
<iii) 



on Bioduot ftnmthe first reaction zone. 




feeding the first polymerisation product to a second reactifln zons or reactor. 
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Qv) feeding aaaidonal etoylene, comonotners and optionally hydrogen to the second 
reaction 2one in a gas phase reactor^ 

(v) subjecstiag Uic additional ethylene and additional monomer(s) and optionally 
hydrogen to a second polymerisation reaction w the presence of the aaid 

5 pnlymerisatioii catalyst and Iho first polymerisaUon pr oductj 

(vi) 10 produce a polymer composition comprising from 41 to 48 % by weight of the 
low molectilar weight polymer produced in step (i), and &om 59 to SZ % by weight 
of the high molecular weight component produced in step (v), 

(vii) the composition having a melt flow rate in th^ range MPR^ of 0^4 to 1 ,0 g/10 mxn 
10 g/lO min, pxefembly 0-4 to 0.7 g/10 min and a density of 18 to 925 ks/m\ and 

(viii) recovering the combined polymedsafion product fix>m the second zeactiosi 2xme. 

lu ttv? first scop of the process, ethylene with the comonomdt(s) is fed hxto the firid: 
polymerisation reactor, ^ong with these components i& fed also hydrogen, which 
15 flmctiona as a molecular weight regulator. The amount of hydrogen depends on ^ desired 
molecular weigjbt of the polymer. The c^yst may be fed to tiie readboir togethw witfi the 
reagents or, preferably, in a sc^erate stream, normally by flushipg with a diluenL 

The polyxneiisatinn medium typically comprises (he monomer (Lb, ediylene) and/or a 
20 hydrocarbon, in pardcular, a llg^t inert hydrocarbon, such as propane, isobutane, n-butane 
or isopentane. The fluid Is either liquid or gai^eous. In the case of a loop xoactor, the fluid is 
liquid and &e suspension of polymer is circulated continuously through the slurry reactor, 
wh&feby a suspendon of polymer in particle form in a hydmcarbmi medium or monomer 
Dvill be produced. 

25 

The conditions of the loop reactor are selected so ibat 41 - 48 wt-%, p^fccably 43 - 47 
W&-94, of the whole pxuduction is polymerised in the loop reactor(s), The temperature is in 
the range of 40 to 1 10 ''C, preferably in the range of 70 to 100 ^C. The reaction pressuro is 
in tixe range of 25 to 100 bar, pji-ofcnibly 3S to 80 bar. The mole fraction of ethylene in the 
30 reaction mi>£tare is typically of 4 to 10 %, preferably of 5 to 9 The xaAo of the alpha- 
olefin cnmonomer to ethylene depends on die density of tixe polymer that is produced in 
the first stage; typically it is of 250 to 800 mol/kmol, {se&zably of 400 to 800 mol/kmol. 
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of ISO to 400 mol/kmoL 

pd,m«.««loa l«t is amoved fcy »olmg the i»c^ 

.M>iiilngasu03d«ntdegMOfpc>lnnsria<aon- 



20 



^3 



,oi™« S»«=ta ~ « SIffl ««« c«^^ 



mixer. 
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Tte productiou spUt berween Uie low molecailaf wei^ polymraisatioa reactor and ilie Icd^ 
moleoulax weight polymerisa^on leactnr U (41 to 48 %): (59 to 52 94), based on Uis weight 
of ^ polywa: compositiou. Preferably. 43 to 47 wt- of the ethylenB copolymer is 
produced at conditions to provide a polymer having an MFR» of 50 to 500 g/10 min, 
5 preferably of 100 to 400 g/10 nun and a dcaislty 940 to 955 kg/m^ pralferably 945 to 953 
kg/m^ Respectively, it is preferred that 53 to 57 % of the ethylene copolymer is produced 
at conditions to provide the hi^ molecular weight polymer, having hem prodticed m such 
conditions thai the final polymer oompoaiiion has an MFRa of 0.4 to 1.0 g/lO min g/10 
nun, pi^ferably 0.4 to 0.7 g/10 min and a density of 918 to 925 kg/ta'. 

10 

As mentioned above, the ratio of comonomer to ethylene in the second reactor is selected 
so that the final polymer composition has tho desiiod deusily. A snitable range is 500 to 
900 mol/Ionol* prefesrably 500 to 800 mol/IcmoL 

15 In a sitailat feshion, Ihe ratio of hydrogen to ethylene in the second reactor is selected so 
tothe final polymer composition has the derired melt flow isrte. Atypical wngow 1 to 30 
mol/kmol, ptef^bly 3 to 20 mol/loaoL 

The present onpnlymers of ethylene can be blended and optionally oompotmdad with 
20 additives and adjuvants conventionally used in the art. Thus, suitable additives include 
antistatic a^WDts, flame retardants, light and heat stabilisers, pigmonte, ptooossing aids and 
oorisonbladtPilteissudUti»challc,talcaiuimicac 

The present copolymeiB of etbyieno can also bo blended with other polymers, if so deaiied. 
23 Thm, it may be blended with low-density polyethylene produced hi a higb-prassore 
process or polar ethylene copolymers, for histance. It may also blended wiOi other linear 
polyethylcnes, or other polyolefins. such as polypropyl^e. 

30 

The pdymers prodncftd accotding to the aborve-specificd process can be converted Into 
thUi-gauge films in oonventiQaal film lines, in particular in blown film lines. Th^ are 
nse&l also for oiiaited £Qms etc. 
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Tto poly«« I«adu«.d by fl» pwcesB acQonang to ft. p«9e« 

raffle dl««et«of250Bm..fieOToflnm»dammghput of alK.m«5kg%fl»M<>v^ 

viAth.*low-neck' conditions. 

Also. fl» of 4. aa i»a»««« »^ 

20 »«,ve»eCn,)di«=Uom.Ii™.*.»t«sW»1^40M«ffl~~««^ 

Z*ionLLl.5K.rr»«^-U«.X0>»«««B-^<Wlo»»^-..«».« 
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„ am Tte -Sd- 1» to Ihto ™«l « ™^ 

ftB5«sortta«ntto«sl««Mnoth»vBg=Hi»W<*«»^ 
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Average Paittclo Size 

Hie volume (or weight) aveyage particle size of support material, oatolyst and polymw was 
analysed with Caulter LS I^olc Si^c Analyse. 



5 DacLQmn 

Dart drop is measured using ISO 7765-1 xnethod. 



OslCotmt 

The gel count was detenxdned by placing a film size of A4 sizs (210x297 mm) hx a 
10 sodxmer» wUch detaots and clas^dlies Ibe gds in tiiree oategoties accoiding to fbeir siz&: 
0,2-0.4 xmk 0.4-0.7 mm aod larger than 0.7 mnou The fhus nhtatoed numbers ate tixen 
recalculated to jjo^oate the number of gels per squaro m^r. 

Tenflilefltren^ 

15 The expedmcnt is perfomied accordmg to ISO 1184 method. The specimm is extended 
along its msgor axis at a coostanl speed Nomial 50 nam could be used as a distance 
between grips (gauge Icngdi) in Sim teusilB testing. 125 mm gaugp ImgOi would be 
required for tensile modulus measurement so this w^ not possible for 1 00 mm cast in 
transverse direclioru 

20 

Toar testing is done accuxOing to ASTM 1 922. Macbine dixeotion is easier, as the thickness 
variation in critical test diiectiou is better controlled. Thiolmess varies more in tiamverse 
direction and occasionally di£5cultios arise iu taking the sample in a manner, which 
25 guarantees au even ^cknass for the critical testmg area. 

The invention is flirdier illustrated with tiie aid of the following examples. 

Example 1 Qfrcpatrwdon of the catalysrt) 
30 Comblexnrepamtion! 

87 kg of tohsfime was added into the reactor. Tlwm 45.5 kg Bomag A in heptane was also 
added tn the reactor 161 kg 99.8 % 2-efhyl-l-hexanol was then introduced into the reactor 
at a flow rate of 24-40 kg^, The molar ratio betwem BOMAG-A and 2-o%i-l-h<a5:anol 
was 1:1.83- 
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275 kg silica <ES747JR of Ciossa^ad. Jiaving average paiticle aze of 20 jim) activated at 
600 X in uitrogBa was charged iato a catalysst prqaratioa reactor. Thoa, 4U kg 20 % 
BADC (2.0 tomoVg dKca) diliaed in 355 Uites pentan© added into Ho^ realtor ai 
ambiaot temperature dsaing on© hour. The teraperaane was Ihen increased to 35 »C ^wWle 
^rrtog the tteated riUca for one hout. The sflioa i«aa dried at 50 fox 8.i hours. Tliai 
655 isg of the coiiq»tec prepared as described above mmol Mg/g silica) was added at 23 
•C discing teix nmnites. R6 kg pentow was added J«to &o wacto at 22 'K: diaing ten 
ndnutoa. The shux> was sdned ft«r 8 hours at SO "C. FtaaUy, 52 kg TlCL, was added during 
0.5 hiwrs at 45 -C. The slurry was stirred at 40 «C ftr five hours. T^^ 

dried by pux^ug whh nitrogm. 
£zaini»le2 

Wo a 500 dm? loop reactor, opetated at 85 «C temperatute and 60 bat prcsaase, ^ 
conlSiiWy tetiodnced pnipaae dihifim. etM 

suoh flow xates that efliyleae content in «b reaction nrixtorB was 6.7 mol-%. «ie mole ratio 
of hy diogea to eHiylene vraa 240 moWtol and the nwle ratio of 14»utene w ethylene was 
20 550mol/lemoL Atllie same time into the reactor was continuciusfly introduced a 

polymerisation cafcdyst prepated eccoirdiAg t« B»wnq.lc I aadtriothyldx-ninium cocatalysi: 
insnobquandticsthatetfaylenepolymerwasprodticedatarateofSOkE/h. The molar ratio 
of aluminium of the cocabOyst to tLtanium of catalyst was 20. The polymet had an 
MFRa of 3 00 g/lO «dtt and deasity of 951 kgtoi , 

25 

The polymer was wl&draM«iWfhfi loop ceactor by ushxgse^ 

Slurry was Intro dttced into a flash tank operated at 3 bar pressure and 20 temped 

Fiom the flasi* tank the pulymer was introduced iato a ftaidised bed gas phase reactor. 
30 which was operated at 80 X temperature and 20 bar pressure. Tnto «ie gas phase teaotar 
wae additional ethylene, hydrogonand l-.b«t»ne introduced, as weU as nitrogen flushes to 
keep the connections andpiping open. Consequently, the concentcatioaQf Xylene in the 
teactor ga^ was 19 mol-o/«, the molar ratio of hydrogen to ethylene was 7 moVkmol and the 
molar mtio of l-bulcuc to ethylene was 650 mol/kmol. The polymer was wiflidrawn ftom 
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Ihe reactor at a rate uf 67 kg/ii. Aft^ collecting tho polymer, it was blended with additives 
and extruded into pellets in a counten'Otatlng tv^'iu-screw extruder JSW CIM90P, The 
resulting polymer bad an MPR2 of 0«61 g/10 min and density of 923 kg/mP. The split 
between the polymer produced in the loop reactor and the polymer pErodnced in the ga$ 
5 phase i:eai3tnr was 45/55. 

£»mple3 

10 The prooeduto of Example 2 wxs nspraied, wi^ the exception that tiie ethylene 

concentrations^ hydrogen to ettiylene tatios and l-butene to edodene ratios were changed 
according to the Table 1 . The polymer dbaracteristios can also be found in Table 1 . 

Example 4 

15 

The procedure of Example 2 was repeated, with the ^ception &at &e ethylene 
concentralionsp hydrogen to cfiyjrlene ratios and 1-butene to ethylene ratios were changed 
according to the Table L The polymer characteristics can also be found in Table 1 . 

20 Examples 

113LC procedure of Example 2 was repeated^ with the exception that the ethylene 
concentralionsB hydrogen to ethylene ratios and 1-butene to ethylene ratios tv@re ohongcd 
according to Ihe Table 1 . The polymer chai'actentilic;s can also be found in Table 1 » 



Comparative Rxample 1 

The procedure of Example 1 was repeated, with tiie exception that the ethylene 
coneentrodons, hydrogen to e&>rl^e ratios and l-butene to ethylene ratios were changed 
30 according to Table 1. Also, a polymerisation catalyst prepared according to Example 3 of 
EP-A-fS99794 (having average particle size of 40 (xm) was uited. 



25 



in.iQ 
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Eiouupto 1 


Z 


3 


4 


5 


CEl 


BfliylenB concemration in loop leafitor, mol-% 1 


6.7 




6.8 


6.4 


6.7 


Hvdiogen to eOrdene taiio iu luup xeactor, 1 
mol/lcinol 


240 


235 


150 


150 


265 


i-lTiit«if tr> ethylene mole intie in loop joactof, 1 

mol/kmol 


550 


570 


no 


730 


514 


Pnlvm&r nradtictloa rste loop teaotor^ Isg/b. 1 


30 


25 


25 


28 


26 


MERa of polymer produced in loop reafitor, g^lO 1 

null 1 


300 


300 


90 


100 


Site 


Density of polymer produced in loop reactor. 


951 ' 


951 


946 


946 


951 


p^vicne conocntratloa in gas phase xeacnor, mol- 

/o _ 


'13 






20 


7.8 ~" 


Hvdroeen to cttovlaao xado iix pl>ase xeactor, 
mnl/kmol 




1 




"4 




l-lnrtene to ethylene mole xatio iin gas phase 
leaotor, mol/kniol . 




64S 


650 


5W 


460 


1 Average particlei aze of tike powder, mm 




"038~ 






■ 036 


MFRa of ihe final polymer, g/lO xnin 


0.61 


0.47 


0.66 


0.45 


0.21 


Density of the final polymer, ks^^ 




922 


924 


924 


924 


Split, loop/gpr 


45/55 


45/55 


47/53 


48/52 


43/57 



10 



'W> denotes «i5 the yegpeotive pmperiy has not been determined 



It is worth noting that }» the piocess of Uie present invention the average stee of iihe 
polymer particJeo ia comparable to Hiat pn^duued in the Comparative Example, even 
tbou^i the initial size of the oatdyst vras only 50 % of that of the Comparative Escample. In 
feet, in &e piocess of fH« present iaveniionHie fraction of both iiuc poly«icr partides and 
■vcacy large polymer panicles has decreased, and liierefore it produces a polymer having a 
narrow pallid© size distribution. 
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Example 6 



Polymers of Examples 2 to 5 and Comparaiive Bxample 1 were blowot to a fUm on a 
Reifdnhauser KK2 film bloAving line. The polym^ uras extruded with a single scrcw^ 
5 axtrudegir -ivxfli a 70 mm soxew diameter through an amiular die having2S0 max diametier 
and 1.0 xnm die gap. The temperature at the die was 21S ^C. The oulput was 85 tcg/b. The 
resulting film had a ttuckaess of 40 fim. Tho blow-up ratio (BUR) vm 2.5 and the fiX)St 
line hei^t (FLH) was SOO mm. The fihn properties can be foimd in Table 2. 



10 It can be smx from the table, that the fihns prepared from the polymers obtained by using 
die piocess of die invention have unproved homogendiy and tear redstonoo compatcd with 
a. material having a low)^ MPR. As van be expected, the dart drop of the noatedal produced 
according to tile process of the invention is lower because of its lowier molecular weight 
Thus, the fUms of the invention are nsefid for applioations recjuiring a good homogendty 

15 ^e., alownumber of gels) and moderate medianical stretiglfa. 



Table 2 



Folfmer of SSawnple 


2 


3 


4 


S 


CEl 


Dartdfop»g 


158 


168 


147 


170 


309 


Tear zesistance (MD), N 


2.8 


3..5 


2.9 


2JZ 


0.7 


Tear xesistanoe (TD), N 


8.9 


9.4 


M 


9.4 


43 


TensUe strength (MD), MPa 


43 


44 


46 


46 


ND 


Tensile stzengi^ (TD), MPa 


38 


38 


39 


38 


ND 


Numb^ of gels of 0.2-0.4 xnm 


WD 


ND 


ND 


16 


53 


Numbef of gels of size 0.4-0.7 itun 


ND 


ND 


ND 


0 


3 


Number of gels of size larger than 0.7 nun 


ND 


ND 


ND 


0 


0 



ND denotes that the respective properly hag not been detexuuned 
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Claims: 

1. Aproccss for producing bimodal lowHisnsity etbylene copolymeis suitable for film 
piepazadon, the process compiling: 
5 (i) subjecting ethylene, hydrogen and comowmcrs to a first polymOTsafion oi 

copolynjetisaliottxeaction in the presence of the polymerisation catalyst In a firse 
leacflon 7Ane in a loop reactor to produce a first polymorisaUim product having a 
low molecular weigtit with a melt flow rate MFRa of SO to 500 g/10 min, preferably 
of 100 to 400 g/10 min and a density of 940 to 955 kg/m^, preferably 945 to 953 

10 kgAn?; 

(ii) recovering «i0 first polymerisation product fiom the first tea ction zone; 
feediagthftfitstpolymeiisalionproduottoasecondr^ 

av) feeding additional eliiylenfi, comonomers and optionally hydrogen to ihe second 

15 reautiun zone; 

(V) subjecting fl» additional ethylene and additional moiu,mei(8) and optionally 
iQ^ogentDasooondpolymerlsaUonieaction in the presence of the said 
polymerisation catalyst and the first polymerisation prodnct; 

(vi) toprod«ceapoly«ercompoaitioncompri«b.gfto«»41 U>48 % by weight of the 
20 l0wmotecular weight polymer produced in step (i), and &om 59 to 52 % by weight 

of the high molecular weight polymer produced in step (v), and 

(vii) ihebimodallow-deMityethylettecopcaymerhasam 

MFRa of 0.4 to 1.0 s^O min g/10 min. preferably 0.4 to 0.7 g/10 «in and a density 

of 91S to 925 Icg/m^, and 
25 (viii) reooveriagihBcombinedpolymerisationproducttotheseoond^ 



2. A process according to Claim 1, wherein (he said polymerisation cotalysthas boon 
prepared by oontoothjg apartioulatcBupportmaiarial wiih(i) analkyl aluminimn 
30 chloride compound; Oi) a waotaon product of magnesium alkyl and an alcohol selected 
ftom Knaat and branched alcohols containing 6 to 1 6 carbon atoms, and (iii) a chlorine 
containing titanium oompotmd. 
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3. A process according to Claki 2, ^i^idn the patticnilatesi9p^ 
average pactide sisse of 15-30 |«ca> 

5 4. Aproccs5accoiiliiigUjCIataa2or3,wherelatheparticuI^ 

5, A piooess for preparing a polymer film, comprising -tfxe stqps of; (i) mamifkctming Oie 
polymet aocordbg to Claim 1; 0S) optionally mixing the polymer v/tOx addlttv^; (iii) 
10 optionaUy» exixoding the polym^ into p^ets, and Qv) exitrading the polymer 
eootipraition into a film. 



6, A}u«oeflSQOOozdinstoCIaimS,iwi]fiO^ 

15 

7. A mm made of linear low<lmsi^ pofyeHiylaie, yffbkh pdlyetbylene canqnises 

(i) a low moleeolar weiglit ctnx^nent ivith a meit flow rate UFR^ of SO to 500 g/IO 
sain, pfefecably of 100 to 400 g^lO tnin and adensily of 940 to 955 Isg/m^ 

20 prefisiably 945 to 953 kg/m^ and 

Oi) ahighmoleoidterweightoompfanfiDthavlaeaM^b^ 

£lov7 rate and a lower densSy ftan^ low molecular weigtit oonagponent 0). so ihat 
llie polymer composxlion comiaises £c«m41 to 48 % by weight of tko W 
moleuular ynH^a componeax Q), and £rom 59 to 52 % by wdgbt <tf the hi^ 

25 mobcular wsi^A oaiapoasat and the compo^on has a melt flow tate MFR^ io 

the zango OA to 1.0 g/10 udn g^lO m!n> pieferably 0.4 to 0.7 g^lO min and a denraty 
of 918to925Ii;g/m^ 



30 S. A film acco»]ing to Claim 7. wherein film has tu^at^hsvitig a 0^ 
moat, as moajsuicd tr^ -Qie scanner. 



19 

direOion of at leasi 6 N. 



ofat least 7.5 N. 



10 



•in-ne-ni in: 13 
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Abstract 

TUc piostjnt towntion concerns a process for producing bimodal linear low-detJsity 
polyethylene polymer compositions, usefid for maldng films. The polymer ooxnpositioBis 
5 have a molt flow rato MFR2 of 0.4 lo LO g/1 0 mto gfl 0 mln and a dexxsity of 9 1 8 to 925 
kg/m^. The process to produce the polymet compositions involves copolymedfikiig ethyl^^e 
With an alpha^olefin comonomer in a loop reactor to pioducc a low molecular weigbt 
polymer having a melt flow rate MFR2 of 50 to 500 g/lO mm and a deaasity of 945 to 953 
kg/m^- The polymerisation i« continued la a gas pha^e reactor to produce a high molecvAar 

10 -weight polymer such, that the fitaal polymer conqjosition has the deslted properties. The 
final composition contaii^ £:om 41 to 4S % by weight of liie low molecular weight 
polymet and fix>m 59 to 52 % by weight of the high molecular weight polymer. The 
resulting films have an excellent visual appearance and good mechanical propettiBs. THb 
compoRitiom can easily be converted to films. The ps^ooss can bo operated u loiig time 

IS wlThouc a Shutdown. 
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